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FILM THICKNESS SIGNAL PROCESSING
APPARATUS, AND POLISHING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2016-

128716, filed on Jun. 29, 2016, the entire content of which
1s mncorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present mvention relates to a film thickness signal
processing apparatus, a polishing apparatus, a film thickness

signal processing method, and a polishing method.

Description of the Related Art

In recent years, the wiring lines of circuits have become
increasingly fine and the number of layers of multilayer
interconnection has increased due to the high integration and
densification of semiconductor devices. In order to realize
multilayer interconnection while attempting to miniaturize
circuits, surfaces of semiconductor devices have to be pla-
narization-processed with high accuracy.

Chemical-mechanical polishing (CMP) 1s known as a
technique to planarize a surface of a semiconductor device.
A polishing apparatus used to perform CMP 1s provided with
a polishing table to which a polishing pad is attached, and a
top ring for holding a polishing object (for example, a
substrate, such as a semiconductor wafer, or various films
formed on a surface of the substrate). The polishing appa-
ratus polishes the polishing object by pressing the polishing,
object held on the top ring against the polishing pad while
rotating the polishing table.

The polishing apparatus 1s provided with a film thickness
measuring apparatus to detect the endpoint of a polishing
process based on the film thickness of the polishing object.
The film thickness measuring apparatus 1s provided with a
film thickness sensor for detecting the film thickness of the
polishing object. Examples of the film thickness sensor
typically include an eddy current sensor and an optical
SENnsor.

The eddy current sensor or the optical sensor 1s disposed
in a hole formed in the polishing table and detects a film
thickness when facing the polishing object, while revolving,
along with the rotation of the polishing table. The eddy
current sensor induces an eddy current in the polishing
object, such as a conductive film, and detects a change 1n the
thickness of the polishing object from a change in a mag-
netic field caused by the eddy current induced in the pol-
1shing object. On the other hand, the optical sensor radiates
light to the polishing object and measures an interference
wave reflected from the polishing object, thereby detecting
the thickness of the polishing object.

Incidentally, the film thickness sensor detects a film
thickness while relatively moving along a surface to be
polished of the polishing object along with the rotation of the
polishing table. On the other hand, a magnetic field or light
that the film thickness sensor uses to detect a film thickness
has a spot diameter. Accordingly, in order for the output of
the film thickness sensor to reach approximately 100%, the
entire range of the spot diameter has to be 1nside the edge of
the polishing object. That 1s, the entire range of the spot
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2

diameter of the film thickness sensor 1s inside the edge of the
polishing object under the condition of the film thickness

sensor facing the central part of the surface to be polished of
the polishing object, and therefore, the output of the film
thickness sensor 1s approximately 100%. On the other hand,
only part of the spot diameter of the film thickness sensor 1s
inside the edge of the polishing object under the condition of
the film thickness sensor facing an edge part of the polishing
object, and therefore, the output of the film thickness sensor
does not reach 100%.

The related art 1s known to perform so-called edge cut
processing 1n which processing 1s performed by discarding
the output of the film thickness sensor 1n locations where the
output of the film thickness sensor does not reach approxi-
mately 100%. Since the related art performs the edge cut
processing, the film thickness cannot be correctly measured
at edge parts.

That 1s, the related art performs so-called edge cut pro-
cessing 1n locations where the output of the film thickness
sensor does not reach approximately 100%. It 1s therefore
difficult to detect a film thickness with high accuracy at edge
parts of the polishing object.

In recent years, there 1s a request to measure the film
thickness to a position nearer to an edge of a semiconductor
waler and control the film thickness with an 1n-situ closed
loop control to reduce a defective product rate near the edge
of the semiconductor wafer.

Hence, 1t 1s an object of the present mnvention to reduce a
defective product rate near an edge of a polishing object by
improving the accuracy of detecting the film thickness at the
edge.

SUMMARY OF THE

INVENTION

To achieve the above-described object, 1n a first embodi-
ment, a film thickness signal processing apparatus includes:
a recerving unit for recerving sensor data output from a film
thickness sensor for detecting a film thickness of a polishing
object to generate film thickness data; and a correcting unit
for correcting the film thickness data in an 1nside of the edge
of the polishing object based on the film thickness data
generated by the receiving unit, the correcting unit correct-
ing the film thickness data generated by the receiving unit 1n
the 1nside of the edge of the polishing object using the film
thickness data generated by the receiving unit in an outside
of the edge of the polishing object.

According to the present embodiment, the accuracy of
detecting the film thickness at the edge of the polishing
object 1s improved to thereby reduce the defective product
rate near the edge.

When the film thickness sensor 1s located in the vicinity
of and inside the edge, a part of a spot diameter 1s located
outside the edge. Since the magnitude of the sensor data 1s
attenuated at this time, the sensor data output from the film
thickness sensor in the 1nside of the edge 1s corrected using
the sensor data output from the film thickness sensor in the
outside of the edge. As a result, the film thickness can be
measured to a position nearer to the edge. That 1s, an
cllective range of the sensor 1s widened at the edge to
thereby 1improve the accuracy of detecting the film thickness
at the edge of the polishing object.

In a second embodiment, a film thickness signal process-
ing apparatus includes an estimating umt for estimating a
position of the edge of the polishing object based on film
thickness data generated by the receiving unit, the correcting,
unit correcting the film thickness data using the estimated

position of the edge.
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Conventionally, the position of the edge 1s checked based
on a sensor output value by checking the sensor output value
at the edge position 1n advance, for example. In the present
embodiment, it 1s not necessary to check the edge position
in advance before starting polishing because the position of
the edge 1s estimated based on the generated film thickness
data.

The edge position of a metal film may be displaced by
cach lot of the polishing object. In the present embodiment,
the position of the edge can be estimated based on the film
thickness data generated by each lot to thereby measure the
film thickness to a position near the edge more accurately
without 1nfluence of the lot.

In a film thickness signal processing apparatus in a third
embodiment, the correcting unit performs the correction by
adding the film thickness data generated by the receiving
unit at a position that 1s located at a first distance outward
from the edge to the film thickness data generated by the
receiving unit at a position that 1s located at a second
distance mward from the edge, the first distance and the
second distance being equal to each other.

In a fourth embodiment, a polishing apparatus includes: a
polishing table to which a polishing pad for polishing a
polishing object 1s attachable; a driving unit capable of
rotary-driving the polishing table; a holding unit capable of
holding and pressing the polishing object against the pol-
1shing pad; a film thickness sensor disposed 1n a hole formed
in the polishing table and capable of detecting the film
thickness of the polishing object along with the rotation of
the polishing table; and any one of the film thickness signal
processing apparatuses in the first to third embodiments.

In a fifth embodiment, a film thickness signal processing
method includes: receiving sensor data output from a film
thickness sensor for detecting a film thickness of a polishing,
object to generate the film thickness data; and correcting the
film thickness data in the 1nside of the edge of the polishing
object based on the generated film thickness data. The
correcting 1s performed by correcting the generated film
thickness data 1n the inside of the edge of the polishing
object using the generated film thickness data 1n the outside
of the edge of the polishing object.

In a sixth embodiment, a polishing method includes:
receiving film thickness data output from a film thickness
sensor for detecting a film thickness of a polishing object to
generate the film thickness data; correcting the film thick-
ness data in the inside of the edge of the polishing object
based on the generated film thickness data; and controlling
a pressing force of the polishing object based on the cor-
rected film thickness data. The correcting 1s performed by
correcting the generated film thickness data in the mside of
the edge of the polishing object using the generated film

thickness data in the outside of the edge of the polishing
object.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram schematically illustrating the overall
configuration of a polishing apparatus;

FIG. 2 1s a schematic diagram illustrating a configuration
example ol an eddy current sensor 210 of the present
embodiment;

FIGS. 3A and 3B are diagrams illustrating magnetic flux
states where an entire spot diameter 10 of the eddy current
sensor 210 1s 1nside a polishing object 102 and where a part
of the spot diameter 10 1s outside the polishing object 102,
respectively;
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4

FIGS. 4A, 4B, and 4C are diagrams used to describe
correction amounts;

FIGS. SA, 5B, and 5C are graphical views used to
describe a correcting method;

FIG. 6 1s a graphical view showing a measurement
example of a film thickness when the polishing object 102
1s made of tungsten.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

Heremaftter, a film thickness signal processing apparatus,
a polishing apparatus, a film thickness signal processing
method, and a polishing method according to one embodi-
ment of the present invention will be described with refer-
ence to the accompanying drawings.

FIG. 1 1s a drawing schematically 1illustrating the overall
configuration of a polishing apparatus of one embodiment of
the present invention. As illustrated 1n FIG. 1, a polishing
apparatus 100 1s provided with a polishing table 110 to an
upper surface of which a polishing pad 108 used to polish a
polishing object ({or example, a substrate, such as a semi-
conductor water, or various films formed on a surface of the
substrate) 102 1s attachable; a first electromotive motor
(driving unit) 112 for rotary-driving the polishing table 110;
a top ring (holding unit) 116 capable of holding the polishing
object 102; and a second electromotive motor (driving unit)
118 for rotary-driving the top ring 116.

The polishing apparatus 100 1s provided with a slurry line
120 for supplying an abrasive liquid containing a polishing
agent to the upper surface of the polishing pad 108. The
polishing apparatus 100 1s provided with a polishing appa-
ratus control unit 140 for outputting various control signals
related to the polishing apparatus 100.

The polishing apparatus 100 1s provided with an eddy
current sensor 210 disposed 1n a hole formed in the polishing
table 110 to detect the film thickness of the polishing object
102 along a surface to be polished thereof along with the
rotation of the polishing table 110. The polishing apparatus
100 1s also provided with a trigger sensor 220 including a
proximity sensor 222 disposed on the polishing table 110
and a dog 224 disposed outside the polishing table 110.

The eddy current sensor 210 1s provided with an excita-
tion coil, a detection coil and a balance coil. The excitation
coil 1s excited by an AC current supplied from an AC power
line to form an eddy current in the polishing object 102
located 1n the vicinity of the excitation coil. A magnetic flux
generated by the eddy current formed 1n the polishing object
102 interlinks with the detection coil and the balance coil.
Since the detection coil 1s located 1n a position closer to a
conductive film than the position of the balance coil, the
balance between inductive voltages arising in the two coils
becomes disrupted. Consequently, the eddy current sensor
210 detects an terlinkage magnetic flux formed by the
eddy current of the polishing object, thereby detecting the
thickness of the polishing object based on the detected
interlinkage magnetic flux. Note that although an example 1s
shown here mm which the eddy current sensor 210 1s
arranged, the first embodiment 1s not limited to this example.
Alternatively, there may be arranged an optical sensor for
radiating light to the polishing object to measure an inter-
ference wave reflected from the polishing object, thereby
detecting the thickness of the polishing object.

FIG. 2 1s a schematic diagram 1illustrating a configuration
example of the eddy current sensor 210 of the present
embodiment. As illustrated in FIG. 2, the eddy current
sensor 210 includes: a pot core 60; and three coils 72, 73, 74.
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The pot core 60 which 1s a magnetic body includes: a bottom
surface part 61a; a magnetic core 61b provided at a center
of the bottom surface part 61a; and a peripheral wall part 61c¢
provided around the bottom surface part 61a.

The center coil 72 among the three coils 72, 73, 74 1s an
excitation coil which 1s connected to an AC signal source.
The excitation coil 72 forms an eddy current 1n a metal film
(or a conductive {ilm) on the polishing object 102 located 1n
the vicinity of the excitation coil by a magnetic field which
1s produced by a voltage supplied from the AC signal source.
The detection coil 73 1s disposed at the metal film (or the
conductive film) side of the excitation coil 72, and detects a
magnetic field produced by the eddy current formed in the
metal film (or the conductive film). The balance coil 74 1s
disposed at the opposite side of the detection coil 73 across
the excitation coil 72. The balance coil 74 1s for adjusting a
balance by a resistance bridge circuit which 1s used for
detecting the magnetic field produced by the eddy circuait.
The balance coil 74 1s operable to adjust a zero point. Thus,
an eddy current flowing through the metal film (or the
conductive film) can be detected from zero, so that the
detection sensitivity of an eddy current flowing through the
metal film (or the conductive film) can be enhanced. The
excitation coil 72 1s disposed at the magnetic core 615 and
produces an eddy current 1n the conductive film. The detec-
tion coi1l 73 1s disposed at the magnetic core 615 and detects
the eddy current produced in the conductive film. It 1s
understood that since magnetic fluxes 20 generated 1n the
eddy current sensor 210 are concentrated, the spread of the
magnetic fluxes 20 1s narrower than the spread of the
magnetic fluxes generated 1n the conventional eddy current
sensor using a conventional solenoid coil.

When the film thickness of the metal film (or the con-
ductive film) changes, the eddy current changes, and thereby
the impedances of the detection coil 73 and the balance coil
74 change. The eddy current sensor 210 in the present
embodiment detects the change of the film thickness of the
metal film (or the conductive film) from the impedance
change. A recerving unit 232 detects the impedance from the
sensor data output from the eddy current sensor 210. When
the impedance changes, the eddy current sensor can detect
the change of the film thickness of the metal film (or the
conductive film).

The receiving unit 232 calculates a difference between the
detected impedance and an impedance when the film thick-
ness 1s “zero,” and outputs a square of an absolute value of
the diflerence as film thickness data. The impedance when
the film thickness 1s “zero” 1s measured in advance. The
difference 1s calculated such that the film thickness data
becomes “zero” when the film thickness 1s “zero.” The
square of the absolute value of the difference 1s output as the
film thickness data such that a correcting unit 238 corrects
the film thickness data in consideration of an eflective
amount and a loss amount of energy, as described later,
because the square of the absolute value of the impedance 1s
considered as an amount corresponding to the energy.

The proximity sensor 222 1s attached to the lower surtace
(a surface to which the polishing pad 108 1s not attached) of
the polishing table 110. The dog 224 1s disposed outside the
polishing table 110, so as to be detected by the proximity
sensor 222. The trigger sensor 220 outputs a trigger signal
indicating that the polishing table 110 has rotated one
revolution, based on the positional relationship between the
proximity sensor 222 and the dog 224. Specifically, the
trigger sensor 220 outputs the trigger signal under the
condition that the proximity sensor 222 and the dog 224 are
closest to each other.
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The eddy current sensor 210 1s controlled, in terms of the
time to start measurement and the time to end measurement,
based on the trigger signal output from the trigger sensor
220. For example, a time point after a lapse of a predeter-
mined period of time from when a trigger signal 1s output
from the trigger sensor 220 1s defined as the time for the
eddy current sensor 210 to start measurement. Likewise, a
time point after a lapse of a predetermined period of time
from when a trigger signal 1s output from the trigger sensor
220 1s defined as the time for the eddy current sensor 210 to
end measurement. Assume here that the predetermined peri-
ods of time are previously set as parameters.

When polishing the polishing object 102, the polishing
apparatus 100 supplies polishing slurry containing polishing
abrasive grains from the slurry line 120 to the upper surface
of the polishing pad 108 and rotary-drives the polishing
table 110 using the first electromotive motor 112. Then, the
polishing apparatus 100 presses the polishing object 102
held on the top ring 116 against the polishing pad 108, while
rotating the top ring 116 around a rotational axis decentered
from the rotational axis of the polishing table 110. Conse-
quently, the polishing object 102 1s polished and planarized
by the polishing pad 108 retaining the polishing slurry.

Next, a film thickness signal processing apparatus 230
will be described. As 1llustrated in FIG. 1, the film thickness
signal processing apparatus 230 1s connected to the eddy
current sensor 210 through rotary joint connectors 160 and
170. The film thickness signal processing apparatus 230
performs predetermined signal processing on sensor data
output from the eddy current sensor 210, and then outputs
the sensor data to an endpoint detector 240.

The endpoint detector 240 monitors a change 1n the film
thickness of the polishing object 102 based on a signal
output from the film thickness signal processing apparatus
230. The endpoint detector 240 1s connected to a polishing
apparatus control unit 140 for performing various types of
control related to the polishing apparatus 100. Upon detec-
tion of the polishing endpoint of the polishing object 102,
the endpoint detector 240 outputs a signal to that effect to the
polishing apparatus control unit 140. Upon receipt of the
signal indicating a polishing endpoint from the endpoint
detector 240, the polishing apparatus control umt 140 fin-
1shes polishing by the polishing apparatus 100. The polish-
ing apparatus control unit 140 controls a pressing force of
the polishing object 102 based on the corrected film thick-
ness data during polishing.

The film thickness signal processing apparatus 230
includes: a receiving unit 232, an estimating unit 234, and a
correcting unit 238.

The recerving umt 232 receives sensor data output from
the eddy current sensor 210, and generates the film thickness
data.

The estimating unit 234 estimates a position of an edge of
the polishing object 102 based on film thickness differences
among a plurality of adjacent points of the film thickness
data generated by the receiving unit 232, for example. The
estimating unit 234 can generate edge-detecting wavelorms
by calculating the film thickness differences among the
plurality of adjacent points of the film thickness data.

For example, assume that the film thickness data values of
the plurality of adjacent points (three points) are 1(1—1), 1(1),
and 1(1+1). Then, calculation values F(1), F(i+1) based on
differences at points 1, 1+1 on the polishing object 102 are
represented as F(i)={({(i-1)-1(1))}, F(i+1)={({(G)-1(i+1))},
respectively. A position of peak appearing 1n the edge-
detecting wavetorm (F(1)) thus obtained at each point on the
polishing object 102 1s defined as a position of an edge of the
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film thickness data. This calculation corresponds to difler-
entiating the film thickness data. Note that in the present
embodiment, an example 1s shown in which the edge-
detecting wavelorms are generated by multiplying by film
thickness differences among a plurality of adjacent points.
The present embodiment 1s not limited to this example,
however. It 1s possible to perform other computations, such
as a computation using a Sobel filter.

The correcting unit 238 corrects the film thickness data in
the 1nside of the edge of the polishing object 102 based on
the film thickness data generated by the receiving unit 232.
Note that in the present embodiment, the correcting unit 238
also corrects the film thickness data in the outside of the
edge of the polishing object 102 based on the film thickness
data generated by the receiving unit 232. The correcting unit
238 corrects the film thickness data generated by the receiv-
ing unit 232 1n the mside of the edge of the polishing object
102 using the film thickness data generated by the receiving
unit 232 1n the outside of the edge of the polishing object
102. The correcting unit 238 performs the correction by
adding the film thickness data generated by the receiving
unit 232 at a position that 1s located at a first distance
outward from the edge to the film thickness data generated
by the receiving unit 232 at a position that 1s located at a
second distance inward from the edge. The first distance and
the second distance are equal to each other.

The correcting unit 238 may output the film thickness data
indicating the squared value of impedance to an endpoint
detector 240 as 1t 1s, or may convert the film thickness data
into an actual film thickness to output the actual film
thickness, because an endpoint can be detected and a film
thickness can be controlled by the film thickness data
indicating the squared value of impedance. There are various
methods of converting the impedance into a film thickness
value. There 1s a method of measuring a relationship
between the impedance and the film thickness 1n advance
and storing it as a conversion table 1n the polishing apparatus
control unit 140. Also, the impedance may be converted into
the film thickness value according to a formula representing,
the relationship between the impedance and the film thick-
ness which 1s obtained theoretically.

In the present embodiment, some reasons to perform such
corrections are described with reference to FIG. 3 to FIG. 5.
FIG. 3 illustrates a magnetic flux state where the entire spot
diameter 10 of the eddy current sensor 210 1s inside the
polishing object 102 and a magnetic flux state where a part
of the spot diameter 10 1s outside the polishing object 102.
FIG. 3A 1s a diagram illustrating the magnetic flux state
where the entire spot diameter 10 of the eddy current sensor
210 1s 1nside the polishing object 102. FIG. 3B 1s a diagram
illustrating the magnetic tlux state where a center 24 of the
eddy current sensor 210 1s aligned with the edge 26 of the
polishing object 102 and a part of the spot diameter 10 1s
outside the polishing object 102.

In FIG. 3, an eddy current 14 1s produced 1n the polishing
object 102 by the magnetic flux 12 produced by the exci-
tation coil 72. An induced magnetic field 16 1s produced by
the eddy current 14, and the induced magnetic field 16 1s
detected by the detection coil 73 and the balance coil 74. The
spot diameter 10 1s an outer diameter of the eddy current 14
produced when the eddy current sensor 210 1s sufliciently
inside the polishing object 102, the eddy current 14 having
the magnitude which 1s equal to or larger than a prescribed
value.

In FIG. 3A, the entire magnetic flux 12 produced by the
excitation coil 72 1s 1n the polishing object 102 which 1s
located at a distance 18 or more away {from the eddy current
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sensor 210. Thus, the eddy current 14 1s effectively produced
by the magnetic flux 12. On the other hand, 1n FIG. 3B, only
a part of the magnetic flux 12 produced 1s 1n the polishing
object 102 which 1s located at a distance 18 or more away
from the eddy current sensor 210. Therefore, a part of the
magnetic flux 12 does not contribute to production of the
eddy current 14. Since the eddy current 14 1s produced only
in the polishing object 102, the eddy current 14 1s weakened,
and the induced magnetic field 16 1s also weakened. As a
result, the outputs of the detection coil 73 and the balance
coil 74 are reduced.

In the present embodiment, such an output reduction 1s
corrected. When the eddy current sensor 210 1s located
inside the edge 26 to face the polishing object 102, 1t 1s
desirable that the same output value as those 1n the case of
FIG. 3A can be obtained even when the eddy current sensor
210 15 1nside near the edge 26 or inside at a distance from the
edge 26, because 1t 15 desirable that the output values of the
eddy current sensor 210 are the same because almost the
same f1lm thickness values are obtained even when the eddy
current sensor 210 1s located near the edge 26 and at a
distance from the edge 26 in the 1nside of the edge 26. In the
present embodiment, the correction 1s performed so that the
output values of the eddy current sensor 210 are almost the
same values even when the eddy current sensor 210 1s
located near the edge 26 or at a distance from the edge 26
as long as the eddy current sensor 210 1s inside the edge 26.
Note that 1n the present embodiment, the position of the
eddy current sensor 210 means a position of the center 24 of
the eddy current sensor 210.

In the case of FIG. 3B, the magnetic fluxes of about half
of the available magnetic fluxes 12 are outside the polishing
object 102. The magnetic fluxes surrounded by a dot line 28
are not 1n contact with the polishing object 102. An eddy
current 22 indicated by a dot line which does not actually
exist 1s drawn for comparing with the eddy current 14 1n
FIG. 3A. The eddy current 22 1s considered as an eddy
current which 1s not effectively used. In the present embodi-
ment, a loss corresponding to the eddy current 22 1s evalu-
ated and corrected.

FIGS. 4A, 4B, and 4C are diagrams used to describe
correction amounts. Consider the output reduction when the
eddy current sensor 210 1s aligned with the edge 26 from an
energy viewpoint. The farther the position of the eddy
current sensor 210, that 1s, the center 24 of the eddy current
sensor 210 1s separated outward from the edge 26, the lower
the energy that the eddy current 14 induced 1n the polishing
object 102 has 1s, because the eddy current 14 induced 1n the
polishing object 102 1s reduced as the center 24 of the eddy
current sensor 210 1s separated outward from the edge 26.
An amount of the energy reduction of the eddy current 14 1s
an amount of the energy which 1s not effectively used
(energy loss) 1n the energy provided by the excitation coil
72. Since the detection coil 73 of the eddy current sensor 210
1s considered to detect the magnitude of the eddy current 14,
the detection coil 73 1s considered to measure the loss
amount indirectly.

The energy loss amount 1s considered to be proportional
to a ratio of an area of the polishing object 102 existing in
the spot diameter 10 to the whole area of the polishing object
102. When the polishing object 102 exists 100% 1n the spot
diameter 10, the loss amount 1s 0%. On the contrary, when
the polishing object 102 does not exist 1n the spot diameter
10 at all, the loss amount 1s 100%. Note that this estimation
method 1s considered to be proper i1 a surface density of the
eddy current 14 induced 1n the spot diameter 10 1s uniform
regardless of a position of the eddy current sensor 210.




US 10,569,380 B2

9

FIG. 3A described above illustrates a case where the
polishing object 102 exists 100% 1n the spot diameter 10,
and FI1G. 3B illustrates a case where the polishing object 102
exists 50% 1n the spot diameter 10. FIG. 4 illustrates a case
where the polishing object 102 exists 1n the spot diameter 10
in various ratios. FIG. 4A illustrates the same case as FIG.
3B, that 1s, the case where the polishing object 102 exists
50% 1n the spot diameter 10. That 1s, when the center 24 of
the eddy current sensor 210 1s aligned with the edge of the
metal film (edge 26), the energy loss (a loss amount 324
indicated by a dot line) 1s half the total energy when there 1s
not any loss. An eflective amount 325 indicated by a solid
line represents the effective energy. The sum of the loss
amount 32a and the eflective amount 3256 becomes 100%.
The loss amount 32a and the effective amount 325 are equal
to each other, and are 50%, respectively.

FI1G. 4B 1illustrates a case where the center 24 of the eddy
current sensor 210 1s located at a distance 30 inward from
the edge 26. At this time, the energy loss amount 1s a loss
amount 34a indicated by a dot line. An effective amount 3456
indicated by a solid line 1s an effective energy amount. The
sum of the loss amount 34 and the eflective amount 345
becomes 100%. FI1G. 4C illustrates a case where the center
24 of the eddy current sensor 210 1s located at the distance
30 which 1s the same as that of FIG. 4B outward from the
edge 26. At this time, the energy loss amount 1s a loss
amount 36q indicated by a dot line. An effective amount 365
indicated by a solid line represents the eflective energy. The
sum of the loss amount 36a and the eflective amount 365
becomes 100%.

When comparing two cases ol FI1G. 4B and FIG. 4C, since
the eddy current sensor 210 1s located at the distance 30
inward from the edge 26 in FIG. 4B and at the same distance
30 outward from the edge 26 in FIG. 4C, the loss amount
34a and the effective amount 365 are considered to be equal
to each other. Similarly, the eflective amount 345 and the
loss amount 36a are considered to be equal to each other.
The following 1s a summary of the above.

Loss amount 34a+eflective amount 34H=loss amount
36a+etlective amount 3656=100%

Loss amount 34a=cllective amount 365

Effective amount 345=loss amount 364

When comparing two cases of FIG. 4B and FIG. 4C, the
sum of energy loss amounts when the eddy current sensor
210 15 located at the distance 30 inward from the edge 26 and
when the eddy current sensor 210 1s located at the same
distance 30 outward from the edge 26 (loss amount 34a+loss
amount 36a) 1s considered to become 100%. Similarly, the
sum of eflective amounts when the eddy current sensor 210
1s located at these positions (eflective amount 34b+ellective
amount 365) 1s considered to become 100%.

Theretfore, as the correcting method, 1t 1s necessary to add
the eflective energy (eflective amount 365) when the eddy
current sensor 210 1s located at the distance 30 outward from
the edge 26 to the eflective energy (eflective amount 345)
when the eddy current sensor 210 1s located at the distance
30 inward from the edge 26, because the eflective amount
36b+the efiective amount 3456=100% and the sum of the
cllective amount 365 and the effective amount 345 1s equal
to 100% which 1s the output value of the eddy current sensor
210 m FIG. 4A when the eddy current sensor 210 1is
suiliciently inside the polishing object 102.

The results obtained by this correction are described with
retference to FIG. 5. FIG. SA 1s a graphical view showing
f1lm thickness data generated by the receiving unit 232. FIG.
5B 1s a graphical view showing a curve (edge-detecting
wavelorm (F(1))) obtained by differentiating the film thick-
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ness data by the estimating unit 234 as described above. FIG.
5C 1s a graphical view showing the correction method by the
correcting unit 238. In these graphical views, the axis of
abscissas represents a position measured from a semicon-
ductor water center 1n a radial direction when the polishing
object 102 1s a circuit on the water having an outer diameter
of 300 mm. The film thicknesses are represented 1n a range
from 130 mm to 150 mm 1n radius which 1s near the edge.
The axis of ordinates represents film thickness data 1n FIG.

5A and FIG. 5C and differences of the film thickness data 1n
FIG. 5B.

A curve 38 shown 1n FIG. 5A represents the film thickness
data generated by the receiving unit 232. The eddy current
sensor 210 scans the polishing object 102 linearly. The eddy
current sensor 210 scans the polishing object 102 a plurality
of times, for example, 50 times to obtain the film thickness
data over the whole polishing object 102. As the curve 38,
the film thickness data for one-time scanning when the eddy
current sensor 210 scans the polishing object 102 one time
may be used, or the film thickness data over the whole
polishing object 102 obtained by scanning a plurality of
times may be used. When the film thickness data over the
whole polishing object 102 1s used, 1t 1s preferable that the
film thickness data obtained by averaging pieces of film
thickness data obtained by scanning each time 1s used as the
curve 38. In the present embodiment, the curve 38 represents
the data obtained by averaging pieces of {ilm thickness data
over the whole polishing object 102 at the same radial
position. Since the curve 38 1s obtained, at an 1nterval of 1
mm 1n the radial positions of the polishing object 102 for
example, 1t 1s preferable to obtain the data at 0.1 mm interval
narrower than 1 mm interval by spline interpolation. By
using the data obtained at a narrower interval, the accuracy
of detecting the edge position 1s improved to thereby
improve the accuracy of correction.

A curve 40 shown in FIG. 3B represents diflerence data
obtained by differentiating the curve 38 by the estimating
unit 234. The estimating unit 234 detects a peak position 42
of the difference data, and estimates the peak position 42 as
a position of the edge 26 of the film thickness data. The
estimated peak position 42 (a position of the edge 26 of the
f1lm thickness data) approximates to the actual edge position
when the measurement error by the eddy current sensor 210
becomes smaller.

A curve 38 indicated by a dot line 1n FIG. 5C 1s the curve
38 shown 1n FIG. 5A belore correction. The correction
method 1s as follows. The film thickness data 48 at a position
46 which 1s located at a distance 44 outward from the peak
position 42 1s added to the film thickness data 54 at a
position 30 which 1s located at a distance 44 inward from the
peak position 42. A curve 38 created by film thickness data
56 obtained by addition represents the film thickness data
after correction. The addition 1s performed up to a point 62
at which the film thickness data becomes “zero.” Such
corrections can be represented as follows.

The amount to be added by correction 1s 1n a region 64 of
the curve 38 which 1s outside from the peak position 42. The
region 64 1s a region indicated by hatching, and 1s outside
from the peak position 42. When the region 64 1s turned by
180 degrees 1n a direction of an arrow 68 around a point 66
on the curve 38 at the peak position 42, a hatched region 70
can be obtained. The region 64 and the region 70 have the
same profile. When the region 70 1s added to the curve 38,
a corrected curve 58 can be obtained.

Since the region 64 and the region 70 have the same
profile, 1t 1s understood that a value of the curve 38 at the
peak position 42 1s twice a value of the curve 38. Therelore,
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it 1s preferable that as the corrected curve 58 outside from
the peak position 42, the curve 38 1s generated by doubling
the value of the curve 38 from the viewpoint of maintaining,
continuity of the curve 58. The corrected curve 38 outside
from the peak position 42 shown in FIG. 5C 1s obtained by
doubling the value of the curve 38 belore correction.

FIG. 6 1s a graphical view showing an example of actual
measurement values obtaimned by applying the correction
method according to the present embodiment. FIG. 6 shows
a measurement example of a film thickness when the pol-
1shing object 102 1s made of tungsten. A curve 76 represents
film thicknesses measured by the eddy current sensor 210. A
curve 78 represents corrected film thicknesses obtained by
applying the correction method according to the present
embodiment to the curve 76. A curve 80 represents film
thicknesses actually measured using a laser range finder to
coniirm the validity of the curve 78. In the graphical view,
the axis of abscissas represents a position measured from a
semiconductor waler center 1n a radial direction when the
polishing object 102 1s a circuit on the waler having an outer
diameter of 300 mm. The film thicknesses are represented 1n
a range from 120 mm to 150 mm 1n radius which 1s near the
edge. The axis of ordinates represents a film thickness. The
axis of ordinates represents the film thickness itself not the
film thickness data indicating the squared value of 1mped-
ance to collate with the actual measurement value of the film
thickness.

When comparing between the curve 78 and the curve 80,
the corrected curve 78 has a profile nearer to the profile of
the curve 80. The correction eflect of the present embodi-
ment 1s apparent, and a difference between the curve 78 and
the curve 80 1s considered to become smaller. If an effective
region ol the wafer 1s 1increased by about 5 mm 1n a radial
direction by the correction, the eflective area can be
increased by about 7%. Since 1t can be considered that this
permits the increase 1n production volume of 7%, the effect
ol correction 1s large.

Examples of the embodiments of the present ivention
have been described above, but the embodiments of the
invention described above are provided for easy understand-
ing of the present mvention and do not limit the present
invention. The present invention may be changed and modi-
fied without departing from the scope of the invention, and
include equivalents thereot, of course. Moreover, any com-
bination or omission of the components described 1n Claims
and Description may be made 1n a scope capable of solving
at least a part of the above-described problems or 1n a scope
of having at least a part of the eflects.

This application claims priority under the Paris Conven-
tion to Japanese Patent Application No. 2016-128716 filed
on Jun. 29, 2016. The entire disclosure of Japanese Patent
Laid-Open No. No. 2005-11977 and Japanese Patent Laid-
Open No. 2003-121616 including specification, claims,
drawings and summary 1s incorporated herein by reference

in 1ts enfirety.

DESCRIPTION OF SYMBOLS

10 . . . Spot diameter
14 . . . Eddy current

26 . . . Edge

42 . . . Peak position
72 . . . Excitation coil
73 . . . Detection coil
74 Balance coil

100 Polishing apparatus
102 Polishing object
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108 Polishing pad

110 Polishing table

140 Polishing apparatus control unit

210 Eddy current sensor

230 Film thickness signal processing apparatus
232 Recerving unit

234 Estimating unit

238 Correcting umit

240 Endpoint detector

What 1s claimed 1s:

1. A film thickness signal processing apparatus compris-

ng:

a recerving unit for receiving sensor data that 1s outputted
from a film thickness sensor that detects a film thick-
ness of a polishing object, the recerving unit generating
first and second film thickness data; and

a correcting unit for correcting the first film thickness data
in an 1nside of an edge of the polishing object based on
the second film thickness data,

wherein the receiving unit receives the sensor data that 1s
outputted from the film thickness sensor when center of
the film thickness sensor 1s 1n the 1nside of the edge of
the polishing object, the receiving unit generating the
first film thickness data,

the receiving unit receives the sensor data that 1s outputted
from the film thickness sensor when a spot for a
measure 1s generated on the polishing object by the film
thickness sensor and the center of the film thickness
sensor 1s 1n an outside of the edge of the polishing
object, the receiving unit generating the second film
thickness data, and

the correcting unit corrects the first film thickness data
generated by the receiving unit 1n the mside of the edge
of the polishing object using the second film thickness
data generated by the receiving unit 1n the outside of the
edge of the polishing object.

2. The film thickness signal processing apparatus accord-

ing to claim 1, comprising:

an estimating unit for estimating a position of the edge of
the polishing object based on the first and second film
thickness data generated by the recerving unit,

wherein the correcting unit corrects the first film thickness
data using the estimated position of the edge.

3. The film thickness signal processing apparatus accord-

ing to claim 1, wherein

the correcting unit performs the correction by adding the
second film thickness data generated by the receiving
unit at a position that 1s located at a first distance
outward from the edge to the first film thickness data
generated by the recerving unit at a position that 1s at a
second distance inward from the edge, the first distance
and the second distance being equal to each other.

4. A polishing apparatus comprising:

a polishing table to which a polishing pad for polishing a
polishing object 1s attachable;

a driving unit capable of rotary-driving the polishing
table;

a holding unit capable of holding and pressing the pol-
1shing object against the polishing pad;

a film thickness sensor disposed 1n a hole formed in the
polishing table, the film thickness sensor being capable
of detecting a film thickness of the polishing object
during rotation of the polishing table; and

the film thickness signal processing apparatus according
to claim 1.
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